We examined the overall survival rates of a national cohort to determine optimal treatments and prognostic factors for patients with metachronous second primary head and neck squamous cell carcinomas (mspHNSCCs) at different stages and sites. We analyzed data of mspHNSCC patients collected from the Taiwan Cancer Registry database. The patients were categorized into four groups based on the treatment modality: Group 1 (control arm; chemotherapy [CT] alone), Group 2 (reirradiation [re-RT] alone with intensity-modulated radiotherapy [IMRT]), Group 3 (concurrent chemoradiotherapy alone [irradiation with IMRT]), and Group 4 (salvage surgery with or without RT or CT). We enrolled 1741 mspHN-SCC patients without distant metastasis. Multivariate Cox regression analyses revealed that Charlson comorbidity index (CCI) ≥6, stage of second HNSCC, stage of first HNSCC, and duration from first primary HNSCC of <3 years were significant poor independent prognostic risk factors for overall survival. After adjustment, adjusted hazard ratios and 95% confidence intervals for the overall all-cause mortality risk at mspHNSCC clinical stages III and IV were 0.72 (0.40-1.82), 0.52 (0.35-0.75), and 0.32 (0.22-0.45) in Groups 2, 3, and 4, respectively. A Cox regression analysis indicated that a re-RT dose of ≥6000 cGy was an independent protective prognostic factor for treatment modalities. CCI ≥ 6, stage of second HNSCC, stage of first HNSCC, and duration from first primary HNSCC of <3 years were significant poor independent prognostic risk factors for overall survival. A re-RT dose of ≥6000 cGy may be necessary for mspHNSCCs.
Introduction
Patients with head and neck squamous cell carcinoma (HNSCC) are at an increased risk of a second primary malignancy, defined as a second malignancy that presents either simultaneously or after the diagnosis of the index tumor. A synchronous second primary malignancy is detected simultaneously or within 6 months of the diagnosis of the index tumor, and a metachronous second primary malignancy is detected more than 6 months after the diagnosis of the index tumor [1, 2] . A second primary malignancy should be distinguished from local recurrences or metastasis of the primary tumor. A second primary malignancy is most commonly defined using the classic
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Survival prognostic factors for metachronous second primary head and neck squamous cell carcinoma criteria proposed by Warren and Gates [3] . Second primary malignancies are the second leading cause of death in patients with HNSCC [4] . In addition, second primary malignancies are a major cause of morbidity and mortality, particularly in patients who have been effectively treated for early-stage HNSCCs [5, 6] , thus highlighting the importance of detecting such malignancies for the successful management of HNSCCs [4, 7, 8] .
The incidence of a second primary malignancy is approximately 5% per year. Second primary malignancies mainly occur in the head and neck, esophagus, or lungs; the lungs are the most common site (31%), followed by the oral cavity (17%) [6, 9, 10] . Treatments for second primary malignancies are usually decided depending on their sites and on the basis of the guidelines for different organs such as the lungs and esophagus. For simultaneous HNSCCs, comprehensive treatments would have already been completed for the first HNSCC diagnosis; however, the therapeutic decision for metachronous second primary head and neck squamous cell carcinomas (mspHNSCCs) is difficult, particularly if the second primary malignancy occurs in the head and neck, because patients with HNSCC would have already received the full complement of treatment including surgery, primary or adjuvant radiotherapy (RT), or concurrent chemoradiotherapy (CCRT). The optimal therapy for mspHNSCCs is unclear.
Most studies have analyzed recurrence, metastasis, secondary HNSCCs, primary HNSCCs, and new head and neck tumors [11] [12] [13] [14] using a heterogeneous population [14] [15] [16] [17] [18] . Patients with a second primary malignancy may have more favorable prognoses than those with true recurrences do; hence, second primary malignancies should be distinguished from recurrent cancers [17, 18] . Lee et al. revealed that patients with laryngeal and nasopharyngeal cancers have more favorable prognoses compared with those with cancers located in other sites [19] . To determine the optimal therapeutic decisions in a heterogeneous population, in this study, we enrolled patients with mspHNSCCs and excluded those with nasopharyngeal cancer, salivary gland cancer, laryngeal cancer, or other nonsquamous cell carcinomas of the head and neck. The therapeutic decision for mspHNSCCs always depends on their site or stage. However, the benefits of treatment approaches (e.g., chemotherapy
[CT] alone, reirradiation [re-RT], CCRT, and salvage surgery) and the optimal therapeutic decisions or prognostic factors for mspHNSCCs are unclear. Therefore, in this study, we explored the treatment outcomes of patients with only mspHNSCCs to determine the optimal treatment strategy for improving the survival of patients with metachronous second primary cancer at different stages and sites
Patients and Methods
In this study, the cohorts were created using data from the Taiwan Cancer Registry database. We enrolled patients diagnosed as having HNSCC from January 1, 2002, to December 31, 2011. The follow-up duration was from the index date to December 31, 2013. Our protocols were reviewed and approved by the Institutional Review Board of Taipei Medical University (TMU-JIRB No. 201402018). The cancer registry database of the Collaboration Center of Health Information Application (CCHIA) contains abundant cancer-related information including the clinical stage, treatment modalities, pathology, RT doses, RT techniques, and regimens used-CT, CCRT, or sequential CT and RT [20] [21] [22] . Before accessing the datasets, researchers must sign an agreement to protect patient privacy, after which researchers can access the CCHIA database only for analyzing specific topics. Patient identification numbers in the datasets are encrypted, preventing specific patient identification [23] . In this study, the diagnoses of the enrolled patients were confirmed according to their pathological data, and patients with new or recurrent HNSCC diagnoses were confirmed to have no other cancer or distant metastasis. The inclusion criteria were HNSCC (identified according to the International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes 140.0-148.9), age of >20 years, and American Joint Committee on Cancer clinical cancer stages I-IV without metastasis (n = 46 924). The exclusion criteria were a history of cancer before primary HNSCC and mspHNSCC diagnosis (n = 3753), distant metastasis (n = 720), missing sex data (n = 9), age <20 years (n = 67), nasopharyngeal cancer (n = 3052), laryngeal cancer (n = 337), in situ carcinoma (n = 148), sarcoma (n = 38), salivary gland cancer (n = 44), and HNSCC recurrence (n = 4839). For patients with mspHNSCCs, the index date was the start date of the first treatment, namely CT, re-RT, CCRT, or surgery. mspHNSCCs were diagnosed more than 6 months after primary HNSCC with pathological proof [1, 2] . In this study, we included 1741 patients with mspHNSCCs, which were defined as the annotation of second primary HNSCC with pathological proof in the cancer registry database according to the criteria proposed by Warren and Gates [3] . We also excluded patients with mspHNSCCs who did not receive any treatments (n = 84), did not receive RT after the first HNSCC diagnosis (n = 71), did not receive re-RT with intensity modulation radiotherapy (IMRT) (n = 117), or received re-RT with stereotactic body RT (n = 9). In this study, the CT regimen included cisplatin, docetaxel, gemcitabine, 5-fluorouracil, hydroxyurea, methotrexate, carboplatin, and paclitaxel; however, most patients with HNSCC recurrence received platinum-based CT as per the Taiwan National Health Insurance policy. Finally, we enrolled HNSCC patients with and without metachronous second primary malignancies. To compare their outcomes, these patients were categorized into the following groups on the basis of the treatment modality: Group 1, comprising those undergoing CT alone; Group 2, comprising those undergoing re-RT alone; Group 3, comprising those receiving CCRT; and Group 4, comprising those receiving salvage surgery with or without RT or CT. Comorbidities were scored using the Charlson comorbidity index (CCI) [24] . When comorbidities assessed within 6 months after index date are included in the estimate of comorbidities, the estimation results can be biased because treatment complications are included. The comorbidities included in this study were identified according to the main ICD-9-CM diagnosis code for the first admission or more than two repeated main diagnosis codes for visits to the outpatient department. A multivariate Cox regression analysis was used to derive the hazard ratio (HR) to determine whether factors such as age, sex, CCI score, clinical stage at the first diagnosis, and duration from first primary HNSCC are significant independent predictors ( Table 3 ). The independent predictors were controlled for or stratified in the analysis, and the endpoint was the all-cause mortality rate among treatments, with Group 1 serving as the control arm.
The cumulative incidence of death was estimated using the Kaplan-Meier method, and the differences among treatment modalities were determined using the log-rank test. After adjustment for confounders, the Cox proportional hazard (PH) regression method was used to model the time from the index date to all-cause mortality among patients undergoing the treatments (Table 4 ) and treatment modalities under the consideration of the RT dose and the risk of death (Table 5 ). In the multivariate analysis, HRs were adjusted for the age group, sex, CCI, clinical stage at the first primary HNSCC diagnosis, clinical stage at mspHNSCC diagnosis, and duration from first primary HNSCC. Stratified analyses were performed to evaluate the mortality risk associated with different treatment modalities and with salvage surgery or nonsurgical intervention among treatments for different recurrent cancer stages and sites (oral cavity and nonoral cavity). All analyses were performed using SAS (version 9.3; SAS, Cary, NC). A two-tailed P < 0.05 was considered statistically significant.
Results
We enrolled 31,762 HNSCC patients without mspHNSCCs and 1741 mspHNSCC patients without distant metastasis ( Table 1 ). The median follow-up duration was 3.45 (interquartile range, 2.67) years in patients with mspHNSCCs. The incidence of mspHNSCCs was 13.38 per 1000 personyears (PY), and the incidence rate of mspHNSCCs was 5.20%. Moreover, 53.05% of the patients exhibited mspHNSCCs at clinical stages III and IV at the first primary HNSCC diagnosis, and 91.10% were of working age, mostly younger than 65 years (Table 1) . Furthermore, 5.59%, 4.10%, and 3.27% of the patients exhibited mspHNSCCs located in the oral cavity, oropharynx, and hypopharynx, respectively. Moreover, Groups 1, 2, 3, and 4 comprised 91, 55, 231, and 1084 patients, respectively (Table 2) . A higher proportion of patients aged ≥65 years received re-RT alone (age ≥65 year, 27.27%; mean age in Group 2, 53.87 year). By contrast, a higher proportion of younger a lower proportion (37.36% in Group 4) underwent surgery with or without RT or CT. The durations from first HNSCC were 3-5 and >5 years in 24.30% and 28.54% of the patients, respectively. The incidence rate of mspHNSCCs increased over time. Patients with an advanced HNSCC stage at the first diagnosis exhibited a higher incidence rate of mspHNSCCs ( Table 2 ). The re-RT doses at mspHN-SCC diagnosis differed in all four groups. Among patients receiving a re-RT dose of ≥6000 cGy, a higher proportion (71.00% in Group 3) underwent CCRT, whereas a lower proportion (25.00% in Group 4) underwent surgery. The CCI scores at mspHNSCC diagnosis also differed in all four groups. Among patients with a CCI of ≥6, a higher proportion (38.80% in Group 3) underwent CCRT, whereas According to the multivariate Cox regression analysis, CCRT, surgery with or without RT or CT, CCI ≥6, stage at the second HNSCC diagnosis, stage at the first HNSCC diagnosis, and duration from first primary HNSCC of >3 years were significant independent predictors (Table 3) . Moreover, univariate and multivariate Cox regression analyses revealed that CCRT, surgery with or without RT or CT, CCI ≥ 6, stage at the second HNSCC diagnosis, stage at the first HNSCC diagnosis, and duration from first primary HNSCC of >3 years were significant independent prognostic risk factors for overall survival (Table 3) . Univariate and multivariate Cox regression analyses also indicated that a duration from first primary HNSCC of >3 years, CCRT, and surgery with or without RT or CT were significant independent prognostic protective factors for overall survival, with HRs (95% confidence intervals (Table 3) .
We performed a stratified analysis to evaluate the mortality risk among treatment modalities for different mspHN-SCC stages (stages I-IV) and sites (oral cavity and nonoral cavity; Table 4 ). A stratified Cox PH model was used to analyze the risk of death and the associated treatment modality among patients with mspHNSCCs ( Table 4) . The all-cause mortality risk after treatments was investigated in Groups 2, 3, and 4, with Group 1 functioning as the control arm. After adjustment for age group, sex, CCI, clinical stage at the first primary HNSCC diagnosis, clinical stage at mspHNSCC diagnosis, and duration from first primary HNSCC, we determined that the adjusted (Table 4) . A multivariate Cox regression analysis was conducted to evaluate the risk of death and the associated treatment modality at different RT dose levels among patients with mspHNSCCs (Table 5) . After adjustment for age group, sex, CCI, clinical stage at the first primary HNSCC diagnosis, clinical stage at mspHNSCC diagnosis, and duration from first primary HNSCC in the multivariate analysis, we derived the following results: (1) Among patients with mspHNSCCs undergoing re-RT alone (Group 2), the aHRs for overall mortality were 1.40 (0.83-2.37) and 0.43 (0.22-0.85) for the dose levels of <6000 and ≥6000 cGy, respectively; (2) among patients with mspHNSCCs undergoing CCRT (Group 3), the aHRs for overall mortality were 0.99 (0.67-1.46) and 0.67 (0.48-0.63) for the dose levels of <6000 and ≥6000 cGy, respectively; and (3) among patients with mspHNSCCs undergoing salvage surgery (Group 4), the aHRs for overall mortality were 0.63 (0.47-0.85) and 0.49 (0.37-0.66) for the dose levels of <6000 and ≥6000 cGy, respectively (Table 5) . Figure 1 illustrates the Kaplan-Meier curves of overall survival for the patients in the four treatment arms. The patients in Group 4 exhibited the highest overall survival rate (log-rank test, P < 0.0001). The 5-year overall survival rates were 25.13%, 34.93%, 20.17%, and 47.47% in Groups 1, 2, 3, and 4, respectively. Figure 2 presents the KaplanMeier curves of overall survival for the patients receiving the re-RT dose of ≥6000 or <6000 cGy in the four treatment arms. The survival rates of Group 4 were higher than those of Groups 1, 2, and 3 at different re-RT doses (log-rank test, P < 0.0001). The 5-year overall survival rates in Groups 1, 2, 3, and 4 were 24.94%, 20.52%, 14.53%, and 54.95%, respectively, at the re-RT dose of <6000 cGy; the corresponding rates in Groups 1, 2, 3, and 4 were 24.79%, 55.34%, 21.09%, and 33.93%, respectively, at the re-RT dose of ≥6000 cGy. Figure 3 shows the Kaplan-Meier curves of overall survival for patients undergoing different treatments for early-or late-stage mspHNSCCs. In Group 4, surgery with or without RT or CT resulted in a high overall survival in mspHNSCC patients with early-or late-stage HNSCCs (log-rank test, P < 0.0001). The 5-year overall survival rates in Groups 1, 2, 3, and 4 were 42.44%, 44.56%, 20.53%, and 48.75%, respectively, for early-stage mspHNSCCs; by contrast, these rates in Groups 1, 2, 3, and 4 were 12.43%, 26.32%, 19.91%, and 37.35%, respectively, for late-stage mspHNSCCs (Fig. 3) . Figure 4 shows the Kaplan-Meier curves of overall survival for the patients undergoing different treatments for mspHNSCCs located in the oral or nonoral cavity. In Group 4, surgery with or without RT or CT resulted in a high overall survival in patients with recurrent HNSCCs located in the oral or nonoral cavity (logrank test, P < 0.0001). The 5-year overall survival rates in Groups 1, 2, 3, and 4 were 29.42%, 41.62%, 21.53%, and 47.15%, respectively, for mspHNSCCs located in the oral cavity; these rates in Groups 1, 2, 3, and 4 were 0%, 20.94%, 13.19%, and 44.95%, respectively, for mspHNSCCs located in the nonoral cavity (Fig. 4) .
Discussion
Few studies have estimated the incidence of mspHNSCCs in areas containing a high proportion of betel nut chewers. In Taiwan, more than 88% of patients with head and neck cancer are betel nut chewers [25, 26] . Liao et al. reported that compared with nonchewers, betel nut chewers have a higher incidence of locoregional recurrence and secondary primary cancers as well as poorer disease-specific and overall survival rates [25] . Liao et al. considered the incidence of locoregional recurrence and that of secondary primary cancers, whereas this study considered the incidence of only mspHNSCCs. Therefore, this study is the first to report the incidence of mspHNSCCs alone (13.38 per 1000 PY) as well as the incidence rate of mspHNSCCs (5.20%) in areas containing a high proportion of betel nut chewers. Moreover, in this study, 5.59%, 4.10%, and 3.27% of patients exhibited mspHNSCCs located in the oral cavity, oropharynx, and hypopharynx, respectively. The highest incidence rate was found for mspHNSCCs located in the oral cavity. This finding might be attributed to field cancerization [27] . Slaughter et al. discovered that in oral cancers, large areas of the head and neck mucosa are affected by carcinogen exposure, resulting in a wide field of premalignant disease that engenders multiple independent primary tumors [27] . Thus, the incidence rate of mspHNSCCs in the oral cavity was found to be the highest in this study because a high proportion of patients with HNSCC are betel nut chewers in Taiwan.
This study is the first to estimate the true incidence of mspHNSCCs after excluding other secondary primary malignancies such as lung cancer, esophageal cancer, thyroid cancer, or other nonsquamous cell carcinomas of the head and neck including nasopharyngeal cancer. The incidence of locally recurrent HNSCCs was 40.73 per 1000 PY, and in our study cohort, 14.44% of patients exhibited locally recurrent HNSCC (data not shown). The incidence of mspHNSCCs was reported to be relatively lower than that of locally recurrent HNSCC [26] . In this study, the duration from first HNSCC was 3-5 and >5 years in 24.30% and 28.54% of patients with mspHNSCCs, respectively. The incidence rate of mspHNSCCs increased over time (Table 2 ). These findings are consistent with those of Lio and Jung et al. [1, 26] . Therefore, we suggest long-term follow-up of more than 5 years for patients with HNSCCs because of the increasing incidence rate of mspHNSCCs. The overall survival and response to CCRT in mspHNSCCs have also been reported to be different from those in locally recurrent HNSCC [17] [18] [19] . Previous studies have demonstrated that the survival and treatment response of mspHNSCCs were superior to those of locally recurrent HNSCC [17, 18] . This finding might be attributed to the higher number of radioresistant tumors; moreover, cancer stem cells are likely to be more resistant to therapy in locally recurrent HNSCCs [28] [29] [30] [31] . In this study, compared to those with locally recurrent HNSCCs, 46.95% and 53.05% of patients with mspHNSCCs (relatively normal distribution) were at the early and late clinical stage at the first HNSCC diagnosis, respectively (Table 2 ). By contrast, more than 60% of patients with HNSCC recurrence were at the late clinical stage at the first diagnosis in our study cohort (data not shown). These findings collectively demonstrate that the treatment response, incidence, mortality rate, and clinical stage at the first HNSCC diagnosis are considerably different between mspHNSCCs and recurrent HNSCCs. Selecting a homogenous population may be essential for determining the optimal treatment for mspHNSCCs; this is because 91.10% of the patients were of working age and mostly younger than 65 years (Table 1) , in addition to the outcomes of mspHNSCCs being superior to those of recurrent HNSCCs.
As shown in Table 3 , univariate and multivariate Cox regression analysis results reveal that CCRT, surgery with or without RT or CT, CCI ≥ 6, stage at the second HNSCC diagnosis, stage at the first HNSCC diagnosis, and duration from first primary HNSCC of >3 years were significant independent prognostic risk factors for overall survival. The analysis results also indicate that CCRT, surgery with or without RT or CT, and duration from first primary HNSCC of >3 years were significant independent prognostic protective factors for overall survival (Table 3 ). According to the final report of RTOG 9610, a longer time (>1 year) interval from first primary HNSCC is associated with improved survival in recurrent squamous cell cancer or second primary cancer [17] . In this study, the duration from first primary HNSCC of >3 years was a significant independent prognostic protective factor for overall survival in mspHNSCCs, because we observed no local HNSCC recurrence in our population. This observation explains why our outcomes are different from those of Spencer et al. [17] . In this study, the more favorable prognostic factor of the duration from first primary HNSCC was different between recurrent HNSCCs and mspHNSCCs. To date, no other prognostic factor has been reported for mspHNSCCs. Therefore, this study is the first to provide the major prognostic factors for mspHNSCCs. CCRT, surgery with or without RT or CT, CCI ≥ 6, stage at the second HNSCC diagnosis, stage at the first HNSCC diagnosis, and duration from first primary HNSCC of >3 years were significant independent prognostic risk factors for overall survival. Moreover, CCRT, surgery with or without RT or CT, and duration from first primary HNSCC of >3 years were significant independent prognostic protective factors for overall survival. Because the incidence of mspHNSCCs is high in the working-age population, determining the optimal therapeutic modality is crucial. The management of second primary HNSCCs varies depending on the tumor sites and the second clinical stage. Therefore, we performed a stratified analysis to evaluate the mortality risk associated with various treatment modalities for different recurrent cancer stages and sites. After adjustment for age group, sex, CCI, clinical stage at the first primary HNSCC diagnosis, clinical stage at mspHNSCC diagnosis, and duration from first primary HNSCC, the derived aHR (95% CI) for overall mortality at mspHNSCC clinical stages I and II was 0.60 (0.38-0.96, P = 0.033) for salvage surgery with or without RT or CT (Table 4) ; the derived aHRs for overall mortality at mspHNSCC clinical stages III and IV were 0.52 (0.35-0.75, P < 0.001) and 0.32 (0.22-0.45, P < 0.001) for CCRT and salvage surgery with or without RT or CT, respectively. We performed another stratified analysis to evaluate the mortality risk associated with various treatment modalities for patients with HNSCCs located in the oral cavity or nonoral cavity. Among patients with mspHNSCCs located in the oral cavity, the derived aHR (95% CI) for overall mortality was 0.48 (0.35-0.66, P < 0.001) for salvage surgery with or without RT or CT. Among those with mspHNSCCs located in the nonoral cavity, the derived aHRs were 0.22 (0.11-0.41, P < 0.001) and 0.16 (0.08-0.29, P < 0.001) for CCRT and salvage surgery with or without RT or CT, respectively (Table 4) . According to our results, the optimal therapeutic approach for mspHNSCCs is surgery with or without RT or CT, which exhibited the lowest aHR, regardless of the clinical stage or tumor site. Our results and the trend of therapeutic outcomes are similar to those of previous studies [11, 14, 19, 32] . We suggest that salvage surgery with or without RT or CT should be the first treatment choice for mspHNSCCs, particularly for patients with mspHNSCCs, because such patients have already received the full complement of treatment including primary or adjuvant RT and/or CCRT treatment. If the patient is operable, the surgical treatment of mspHNSCCs is often indicated when feasible. However, if the patient is inoperable, CCRT can be feasibly applied for mspHNSCCs, especially at the late mspHNSCC stage (Fig. 3) and in nonoral mspHNSCCs (Fig. 4) . As illustrated in Figure 4 , we identified no survivor in the group that underwent CT alone over a 2-year follow-up. Furthermore, according to the results, salvage surgery or CCRT is superior to CT and re-RT alone. Thus, we recommend salvage surgery for mspHNSCCs if the patient is operable. Nevertheless, if the patient is inoperable, we recommend CCRT rather than re-RT alone or CT alone. Our findings may help clinicians to select treatment modalities specific to the mspHNSCC types.
When salvage surgery is not practical, re-RT is an option for carefully selected patients. Patients at a high risk of local recurrence after salvage surgery may benefit from increased locoregional control from adjuvant re-RT, although no survival advantage has been demonstrated in comparison with salvage surgery alone [33] . However, for re-RT, the optimal doses for favorable local control or survival in mspHNSCCs are still unclear. IMRT should be used to minimize the risk of posttreatment complications [34, 35] . Stewart et al. revealed that re-RT with a total dose of <5500 cGy is associated with an extremely poor local control rate [34] . Lee et al. suggested that local control is crucial for prolonging survival in recurrent HNSCC, and that IMRT (median re-RT dose, 5940 cGy) is associated with improved local control [19] . Hence, in this study, if re-RT was administered, we analyzed only patients with mspHNSCCs who underwent IMRT. We conducted a multivariate Cox regression analysis to analyze the risk of death and the associated treatment modality with different RT doses among patients with mspHNSCCs (Table 5 ). After adjustment for age group, sex, CCI, clinical stage at the first primary HNSCC diagnosis, clinical stage at mspHNSCC diagnosis, and duration from first primary HNSCC in the multivariate analysis, we obtained the following results: (1) Among patients with mspHNSCCs undergoing re-RT alone (Group 2), the derived aHRs for overall mortality were 1.40 (0.83-2.37, P = 0.212) and 0.43 (0.22-0.85, P = 0.016) for the doses of <6000 and ≥6000 cGy, respectively; (2) among patients with mspHNSCCs undergoing CCRT (Group 3), the derived aHRs for overall mortality were 0.99 (0.67-1.46, P = 0.971) and 0.67 (0.48-0.63, P = 0.016) for the doses of <6000 and ≥6000 cGy, respectively; and (3) among patients with mspHNSCCs undergoing salvage surgery (Group 4), the derived aHRs for overall mortality were 0.63 (0.47-0.85, P = 0.003) and 0.49 (0.37-0.66, P < 0.001) for the doses of <6000 and ≥6000 cGy, respectively ( Table 5 ). The 5-year overall survival rates in Groups 1, 2, 3, and 4 were 24.79%, 55.34%, 21.09%, and 33.93%, respectively, at the re-RT dose of ≥6000 cGy (Fig. 2) . On the basis of our outcomes, we suggest that if re-RT is administered, IMRT at ≥6000 cGy is necessary, regardless of whether the treatment modality is re-RT alone, CCRT, or salvage surgery. A re-RT dose of ≥6000 cGy may be an independent protective prognostic factor for mspHNSCCs. If a re-RT dose of up to 6000 cGy cannot be provided, CT alone is sufficient (Table 5 ). This finding is consistent with that of Tortochaux et al. [36] , who demonstrated that re-RT at a dose of approximately 5000 cGy was not beneficial for recurrent clinical stage and secondary primary HNSCCs. According to our review of the literature, this study is also the first to
